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COVER: A test mixture has been developed at NBS for evaluating highly 
efficient fractionating columns. The binary mixture of two isomers of 
heptane will be used to test columns capable of separating mixtures hav- 
ing a boiling point difference less than 1 °C. It was developed in a 
program to improve the production of high-purity substances by distil- 
lation. Here, during formulation of the mixture, E. C. Kuehner takes 
a sample of material returning to the distilling pot (lower center) for 
analysis in a differential refractometer. (see p. 34) 
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Precision Resistance Measurement 


Tenth of a Series on NBS Measurement Services * 


ELECTRICAL resistors of accurately specified values 
are indispensable to both the proper functioning of elec- 
tronic equipment and the success of many methods for 
precise measurement of physical and chemical phe- 
nomena. With the growing complexity of modern 
science and technology, accuracy in the measurement 
of resistance has become of vital importance. 

Within this country, uniformity and reliability in 
resistance measurement are made possible by the stand- 
ards and calibration services provided by NBS. The 
Bureau has developed a very precise national standard 
of resistance having a value established by absolute 
measurements that fix the relation between the electrical 
units and the fundamental mechanical units of length, 
mass, and time. This standard is used to evaluate NBS 
standard resistors that in turn are employed in measur- 
ing and certifying the resistors submitted by other lab- 
oratories and by industrial concerns. The Bureau will 
determine necessary corrections to be applied to the 
nominal values of such resistors, and will certify them 
to a particular accuracy for a specified time. 

Until recently, the fundamental unit of resistance was 
based on a computable self- or mutual inductor.1_ The 
development of a computable cylindrical cross-capaci- 
tor and a high-accuracy transformer-type capacitance 
bridge have materially affected this situation, for the 
computable capacitor provides an alternative and more 
accurate basis for establishing the fundamental resist- 
ance unit.” 

In some cases the resistance of a conductor depends 
upon the magnitude of the current through it and must 
be determined under conditions of use. Also, the re- 
sistance of all conductors is to some extent a function 
of frequency, and must often be determined in such 
a way as to allow for this effect. The most accurate 
measurements of resistance are made with direct cur- 
rent and with a power dissipation so low that the self- 
heating produced is negligible. Highly accurate stand- 
ard resistors are calibrated only under these conditions 
at the Bureau’s laboratories in Washington, D.C., and 
Boulder, Colo. The effect of departures from these 
conditions must be determined by supplemental ex- 
periments to evaluate the effect of self-heating or of 
frequency on the value of a particular resistor or type 
of resistor. 

The load coefficient of a given resistor can be de- 
termined with established procedures when the effort 
involved is justified.* This determination is not rou- 


*Previous articles have been: Calibration of gage 
blocks, Feb. 1961; Thermocouple calibrations, Mar. 1961; 
Calibration of platinum resistance thermometers, Apr. 
1961; Calibration of inductive voltage dividers, May 
1961; X- and gamma-ray calibration, July 1961; Cali- 
bration of optical pyrometers, Nov. 1961; Calibration of 
microphones, Nov. 1961; Calibration of flowmeters for 
liquid hydrocarbons, Feb. 1962; and Calibration of neu- 
tron sources, Mar. 1962. 
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tine, however, and is not usually necessary because 
a power dissipation of 0.1 watt or less per coil is used 
in the most precise measurements. When the standards 
are immersed in a well-stirred oil bath, this loading 
is not enough to disturb the temperature of the resistor. 

Tests to determine the effect of frequency on resist- 
ance are very specialized and time-consuming and are 
made only on resistors intended for use on alternating 
current.” The residual reactance associated with a-c 
resistors is frequently best described by considering the 
time constant of resistors.* 

Resistors are used for many purposes, with a cor- 
respondingly large range of types and accuracies of 
adjustment. For some applications, adjustments must 
be made to perhaps 10 to 20 percent of the nominal 
values; for others, to 0.01 percent or less. The im- 
portant quality desired for resistors to be used in pre- 
cision instruments is stability with time and tempera- 
ture. This characteristic is also the most important 
one for resistors to be used as reference standards. 


NBS Standard Resistors 


The resistors now being used at the Bureau for main- 
tenance of the unit of resistance are probably the most 
stable resistors that have been made. These are a 
group of annealed manganin-wire-wound resistors 
mounted in double-walled air-filled containers. 

The construction and performance of these resistors 
has been described by Thomas.*»® Absolute measure- 
ments of resistances made in 1938, 1947, and 19601 2 


Large double-walled standard one-ohm resistor of the 
type developed at the Bureau and now used to maintain 
the unit of electrical resistance in the United States. 
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The Wenner bridge, designed and constructed at the 
Bureau in 1918, is used in the precise determination of 
values of two- and four-terminal resistors. It can be op- 
erated in the range from 0.0001 to 100,000 ohms, Doris 
Jorgensen reads the sensitive galvanometer used in con- 
junction with the bridge. 


indicate that the unit of resistance preserved with 
standards of this type has remained constant within 
the limits detectable by these measurements. 

Working standards of nominal value higher than 1 
ohm are of the so-called “NBS type” originally de- 
signed by Rosa. Some of these standards are of com- 
mercial origin, using manganin wire, while others have 
been made in the laboratory using various alloys. 
Standards of nominal value less than 1 ohm are un- 
sealed resistors using heavy manganin wire or strips. 
All these standards are evaluated at least once a year in 
terms of the l-ohm reference group by use of the step- 
up procedure described by Wenner.’ 


Methods of Comparison of Resistors 


For many types of resistors, high accuracy is not 
desired and comparisons may be made by various 
methods: ammeter-voltmeter, ohmmeter, and _potenti- 
ometer. Precise measurements of electrical resistance 
are made with comparative ease by bridge methods, 
and by far the largest proportion of measurements is 
so made. An accuracy of a few parts in a million is 
readily obtained in the comparison of nominally equal 
resistances of 10 or 100 ohms. Although the actual 
measurements are rather simple, special apparatus is 
required. 

The Wenner bridge * was originally designed and 
constructed by the Bureau in 1918 because of a grow- 
ing need for precise resistance comparisons. In gen- 
eral, for resistors above 1 ohm, which are usually of 
the two-terminal type, the Wenner bridge is operated 
as a simple Wheatstone bridge; for 1-ohm resistors 
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and below, which are usually of the four-terminal type, 


it is operated as a Kelvin double bridge to minimize 
the effect of lead resistance. The choices of numbers 
of resistor terminals and bridge operation depend upon 
the accuracy required for the intended application of 
the resistcr being measured. 

The resistance range of the Wenner bridge is 0.0001 
to 100,000 chms. It is operable at various ratios, but 
most of the Bureau’s comparisons are made using a 1:1 
ratio. All principal components of the bridge are 
immersed in a thermostatically controlled oil bath and 
maintained at 25.00+0.03 °C by a mercury-toluene 
thermostat. The bridge is used in conjunction with a 
galvanometer that must meet certain specifications as 
to sensitivity and damping characteristics. 

Two-terminal resistors. Standard resistors are 
measured in the Wenner bridge by comparison with 
NBS working standards of the same nominal values. 
Resistors having values of 10 ohms or higher are 
measured as two-terminal resistors by using simple 
substitution techniques in which at least two different 
NBS standards are used as references. As in any sub- 
stitution method, the accuracy of the measurement de- 
pends primarily upon the accuracy of the reference 
standards with which the unknown is compared and 
only to a limited degree upon the accuracy of the meas- 
uring apparatus used to determine the small difference 
between the resistors being compared. For example, if 
the values of two 10-ohm resistors differ by 0.01 per- 
cent (100 ppm), the accuracy of the measurement is 
considered sufficient if the difference of 100 ppm is 
known within | percent. It is quite easy to build and 
adjust apparatus for measuring small differences to 
this accuracy by using Waidner-Wolff shunt-type dec- 
ades such as those employed in the direct-reading ratio 
set.” An oil-immersed direct-reading ratio set is a vital 
part of the Wenner bridge. 

In all calibration work, human error must be con- 
tinually guarded against. For this reason, all measure- 
ments of precision resistors are habitually repeated by 
different operators on different days using different 
working standards. If no previous history is available 
on a particular resistor it is generally desirable to space 
these two measurements several weeks apart in order to 
detect any evidence of instability, particularly if the 
resistor is new. All resistors involved are kept in the 
oil bath of the Wenner bridge for at least several hours 
prior to measurement. 

Four-terminal resistors. When the Wenner 
bridge is used as a Thomson bridge or as a Kelvin 
double bridge, there actually are six resistances in- 
volved. Four resistor groups are used in the outer and 
inner ratio arms of the bridge, and these, in effect, are 
two direct-reading ratio sets placed one above the other 
with the dial mechanisms mechanically connected so 
that the inner and outer ratio arms track one another 
closely, but not perfectly. Auxiliary adjustments are 
provided to bring the effective ratios to exact equality. 
Two NBS standard resistors are placed in the remain- 
ing bridge arms and the bridge connections are made 
as required for the comparison of four-terminal 
resistors. 
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Of these two resistors, the one placed in the upper . 


left arm of the bridge is used as a reference standard, 
while the other (placed in the upper right arm of the 
bridge) is regarded simply as a “dummy,” or “tare.” 
The bridge is then balanced by a method of successive 
approximation according to the procedure generally 
applicable to the balancing of a Kelvin bridge. (A 
more detailed explanation pertaining particularly to 
the Wenner bridge is given in reference 3.) From the 
bridge reading at balance, and from a knowledge of the 
assigned value of the reference standard, it is possible 
to determine what the bridge reading (bridge zero) 
would have been had the reference standard been per- 
fect, i.e., had its value been exactly equal to the nominal 
value. As a precaution, the reference resistor is re- 
placed with a second reference resistor and the entire 
process repeated. The two bridge zeros should agree 
within a few parts per million. A discrepancy greater 
than this would indicate that the value of one or both 
of the reference standards had changed significantly 
since the date of the last calibration of these working 
standards. After a satisfactory bridge zero has been es- 
tablished, resistors of this nominal value submitted for 
evaluation can be measured in succession by connecting 
them in the same bridge location (upper left arm). 
The difference between the balance reading and the 
mean bridge zero will be the correction to the value 
of the measured resistor. 

As a result of these comparisons, the resistances of 
precision standard resistors are given by the Bureau 
to as many figures as are significant at the time of 
measurement. These resistances are certified to an 
accuracy designed to indicate the degree of dependence 
which may ordinarily be placed on the standard for a 
period of one year. The certified accuracy will vary 
from 0.0002 percent to 0.025 percent, depending on 
the nominal value of the standard, its type, age, and 
previous history. Well-aged standards in good condi- 
tion having nominal values in the range 0.001 to 10,000 
ohms will usually be certified to 0.902 percent. 

Measurements on multi-megohm resistors are accu- 
rate to 0.1 percent at the time of test if nominal values 
are in the range 10° to 10 ohms; for higher valued 
resistors, the accuracy is 0.5 percent. 


Calibration of Precision Resistance Apparatus 


The Bureau ordinarily determines corrections perti- 
nent to precision resistance apparatus to such an ac- 
curacy that results obtained with the apparatus may be 
relied upon to 0.01 percent. Some pieces of apparatus 
accepted for calibration are rheostats, Wheatstone and 
calorimetric bridges, potentiometers, and ratio sets. 

The problem of calibrating precision resistance ap- 
paratus usually involves the comparison of resistors 
in the instrument with standard resistors of the same 
nominal value. This comparison is most readily ac- 
complished by some substitution method, which is 
usually a method for determining differences between 
the resistances of the unknowns and of the standards. 
For well-adjusted instruments, these differences are 
small and need to be determined only approximately. 
For example, if the difference between the standard and 
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the unknown is 0.01 percent, the difference need be de- 
termined to only 1 percent to give the value of the 
unknown to one part in a million in terms of the 
standards. 

In response to a growing demand for written descrip- 
tions of the procedures used by the Bureau for cali- 
brating precision resistance apparatus, a number of 
such procedures have been prepared in the form of 
circulars or monographs.* Descriptions of procedures 
suitable for calibrating certain potentiometers, both 
high and low ranges, are available in multilith form.® 
As these procedures become familiar to an increasing 
number of commercial electrical calibrating labora- 
tories, the Bureau plans to eventually discontinue effort 
in this area. It is imperative that the limited electrical 
calibration facilities of the National Bureau of Stand- 
ards be conserved and devoted primarily to the estab- 
lishment and dissemination of the basic standards 
required for an accurate and uniform system of elec- 
trical measurements throughout the country. 


* An absolute measurement of resistance by the Wenner 
method, by Thomas, Peterson, Cooter, and Kotter, J. Re- 
search NBS 43, 291 (1949) RP2029. 

* Evaluation of the NBS unit of resistance based on a 
computable capacitor, by R. D. Cutkosky, J, Research 
NBS 65A (Phys. & Chem.), No. 3 (1961). 

* Methods, apparatus, and procedures for the compari- 
son of precision standard resistors, by F. Wenner, J. Re- 
search NBS 25, 229 (1940) RP1323. 

‘Electrical measurement, by F. K. Harris (p. 213 et 
seq.), John Wiley & Sons, Ine. (1952). 

° A new design of precision resistance standard, by J. L. 
Thomas, J. Research NBS 5, 295 (1930) RP201. 

®° Stability of double-walled manganin resistors, by J. L. 
Thomas, J. Research NBS 36, 107 (1946) RP1692. 

7 For a description of the direct-reading ratio set, see 
Precision resistors and their measurements, by James L. 
Thomas, NBS Circ. 470 (1948). 

“Calibration procedures for direct-current resistance 
apparatus, by Paul P. B. Brooks, NBS Mono. 39 (1962). 
For sale by the Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington 25, D.C. Price 40 
cents. 

® Copies of these procedures may be obtained by writing 
to: Electricity Division, Resistance and Reactance Sec- 
tion, National Bureau of Standards, Washington 25, D.C. 


The 100-chm-per-step dial of a universal ratio set is 
checked by L. R. Cooke. Only one of the NBS standard 
resistors actually serves as the 100-ohm reference stand- 
ard in the measurement. It is moved along the chain 


of resistors as the various dial steps are checked. The 
remaining resistors are “dummies” in that they simply 
provide resistance in the circuit. 

in the calibration of the instrument. 


This is only one step 


Oxidation of Metals in Molten Salts 


THE ROLE of molten salts in nuclear reactor tech- 
nology and in corrosion processes in general has created 
a need for knowledge of the behavior of metal-molten 
salt systems. To provide some of this information, 
the Bureau has undertaken a study ' of the oxidation 
of metals in molten salts. 

Most salts possess high heat capacity, high thermal 
conductance, and low vapor pressure, and are rela- 
tively low in cost. Since they are liquid at high tem- 
peratures, they provide a reactor fuel or coolant that is 
easily pumped, changed, or discarded. In spite of 
these attractive features, however, problems of contain- 
ment in metal (e.g., corrosion) have restricted their 
use. 

Representative of the type of reaction that takes place 
between a metal and a molten salt is that occurring 
between silver and sodium chloride. It has long been 
known that silver is oxidized in molten sodium chloride 
and other alkali halides. Thermodynamic explanations 
of this reaction were based on the assumption that 
the presence of oxygen was essential for the reaction 
to proceed. Recently, however, K. H. Stern of the 
electrochemistry laboratory suggested that the reaction 
may also be sustained by sodium-ion reduction and by 
the subsequent vaporization of metallic sodium from 
the system or formation of a silver-sodium alloy. An 


——_ 


TO MOTOR 


BALL BEARINGS 


7 
6 iS 
ves 


S 
@ 

SS 

Drrtzzz77 PPI 


vewreee ILA. 


FURNACE LEVEL 


SILVER CRUCIBLE 


22 


interesting feature of his proposed mechanism ? is that 
it does not require the presence of oxygen, which would 
presumably lead to the formation of the oxide ion. 

The reaction between silver and sodium chloride is 
one of the simplest of the metal-molten salt reactions 
to investigate. The effect of an oxide layer need not 
be taken into account, since solid silver oxide is un- 
stable at the temperatures involved (near 900 °C). 
This reaction of itself is also of interst because silver 
is used in reference electrodes for potential measure- 
ments in fused salts. 

Stern therefore undertook a series of experiments to 
investigate the mechanism of silver oxidation in fused 
sodium chloride under a variety of conditions. Effects 
of oxygen pressure and rate of oxygen transport to the 
metal on the oxidation rate were studied. The re- 
acting metal itself served as the container for the salt, 
since other container materials (e.g., ceramics) are not 
completely inert. 

Oxygen was found to have a profound influence on 
the reaction. When the rate of oxygen transport to the 
silver-sodium chloride interface was low, the reaction 
was of zero order (linear in time) ; when the rate of 
transport was high, the reaction rate increased greatly 
and varied as the square root of time. Such variations 
indicated a rate controlled by the diffusion of products 
(Ag*, O=, and Na®°) away from the reaction site. 
Silver and oxide ions were found in the melts in appre- 
ciable quantities even at very low oxygen partial pres- 
sures. However, under all conditions, the ratio of silver 
to oxide ions was greater than could be accounted for 
by the formation of dissolved silver oxide alone. These 


Left: Experimental apparatus for studying the mecha- 
nism of oxidation of silver in molten sodium chloride. 
Below: The silver vessel containing molten sodium chlo- 
ride is immersed in the furnace shown in the foreground. 
The apparatus at left is for the purification of argon to 
obtain oxygen at low pressure. 
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results were explained by hypothesizing two simul-- 


taneous reactions, one with oxygen and the other with 
sodium ions, which produce ionic silver. The relative 
contributions of each reaction to the total concentration 
of silver ions are dependent on the oxygen pressure 
and the rate of oxygen transport to the metal-salt 
interface. 

These findings may affect galvanic cell studies of 
fused salts in which the silver-silver chloride electrode 
has been used extensively as a reference. In order to 
minimize liquid-junction potentials some workers have 
used very dilute solutions of silver chloride in alkali 
halides, for example, 0.1 to 6 mole percent in alkali 
chloride melts. It now seems that such reference elec- 
trodes may not maintain constant potential if the con- 
centration of silver chloride is much below 10 mole per- 
cent and if the silver is immersed for long periods in 
the melt, particularly in the presence of oxygen. 


*For further information, see Oxidation of metals in 
molten salts. Silver in sodium chloride, by Kurt H. Stern, 
J. Phys. Chem. 66, 1311-1317 (1962). 

°K. H. Stern, J. Phys. Chem. 62, 385-390 (1958). 


One of the silver vessels (left) used to contain molten 
sodium chloride during a study of the behavior of metal- 
molten salt systems. At right is a section of one of the 
vessels showing mass transfer of silver that occurred near 
the metal-molten salt-air interface because of temperature 
gradients. 


Bates Named Chief of Building Research Division 


A. Allan Bates has joined the NBS staff as Chief of 
the Building Research Division. He succeeds Douglas 
E. Parsons, who was appointed a Consultant to the 
Bureau. 

The Bureau’s program in building research seeks new 
knowledge through chemical, physical, and engineer- 
ing research and develops the measurement and testing 
methods needed to apply modern scientific knowledge 
to the building industry. 

Dr. Bates’ career has combined outstanding aca- 
demic, industrial, and organizational achievements. 
Since 1961 he has been director of New York Univer- 
sity’s University Valley Project, a new center for edu- 
cation and research at Sterling Forest, N.Y. Prior 
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to that he was Vice-President in charge of Research 
and Development for the Portland Cement Association 
for 15 years. From 1938 to 1946 he was manager 
of chemical, metallurgical, and ceramic research at 
Westinghouse Electric Corporation. 

Twice during World War II, Dr. Bates was loaned 
to the Federal Government, first to serve as Professor 
of Metallurgical Science at Escola Politecnica in Sao 
Paulo, Brazil, and later to learn about German progress 
in advanced methods of warfare from behind enemy 
lines. In 1957, he represented the American Society 
for Testing and Materials (ASTM) at a conference in 
Rio de Janeiro for coordination of industrial stand- 
ards, and recently planned and executed a Soviet Union 
information exchange program under the auspices of 
the U.S. Department of State and the National Academy 
of Sciences. 

In 1960-61, he was National President of the ASTM. 
He continues as a member of the Board of Directors 
of ASTM. He is also Vice Chairman of the Building 
Research Advisory Board of the National Academy of 
Sciences—National Research Council. This commit- 
tee recently completed a study of building research 
activities in the United States. 

Dr. Bates is also a Director and Vice President- 
nominee of the American Concrete Institute and a 
member of the American Chemical Society, the Ameri- 
can Ceramic Society, the American Society of Metals, 
the American Institute cf Metallurgical Engineers, and 
the American Society of Civil Engineers. 
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Fast-Opening Photographic Shutter 


AS PART of a study of electrical phenomena of 
extremely short duration, a photographic shutter capa- 
ble of opening to an area of 1 by 3 in. in less than 
45 psec has been devised by E. C. Cassidy and D. H. 
Tsai. 


num foils mounted between electrodes in a capacitor 


The shutter consists of two rectangular alumi- 
discharge circuit. When a surge current is passed 
through the foils, which are mounted so that their 
edges overlap but do not touch, forces are created 
which laterally compress each foil and which cause 


A slower opening action—on the 


mutual repellence. 


Shutter employing two aluminum foils opens in about 45 
microseconds. The foils are placed on either side of a 
plastic mount as the arms of a loop circuit. Metal clamps 
are used to insure the flow of current. The spark gap 
can be seen between the hemispheres near the bottom. 
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order of 100 ysec—results when a single foil is used. 
The research program for which this device was devel- 
oped was sponsored by the Advanced Research Project 
Agency. 

Passage of a heavy current through the foil creates 
a condition in which the magnetic field associated with 
each current filament in the foil reacts with the field 
of the other filaments, resulting in compression of 
the edges of the foil towards the center filament. 
When two foils are used in a loop-circuit arrangement, 
this compression is augmented by mutual repulsion of 
the foils, due to the opposition of their magnetic fields, 
and faster opening results. 

The dual-foil shutter is supported in a special mount, 
with the foils forming arms of a loop circuit. The 
individual foils are placed on either side of a piece 
of clear plastic (see diagram) with their adjacent 
edges overlapping so as to prevent transmission of 
light. Metal clamps, forming part of the capacitor cir- 
cuit, are used to fasten the foils to the mount. The rest 
of the circuit consists of a capacitor, which is charged 
by means of a high-voltage power supply, and a spark 
gap—fired by a thyratron trigger circuit—acting as a 
switch. The timing of the discharge through the foils 
can be controlled to within 1 psec. 

The fast-opening shutter is placed between the ob- 
ject to be photographed and the camera lens. As the 
duration of the exposure has to be controlled as well 
as the timing, provision for terminating the exposure 
may be provided through the use of Edgerton’s 
method 2—-the blackening of a window by exploding 
a series of parallel lead wires. 


Design Considerations 


Although several materials were tested in the devel- 
opment of this shutter, aluminum foil was chosen be- 
cause of its availability, low cost, and rapidity of 
action. Investigation of the effect of foil thickness 
(length in all cases was 3 in.) on the speed of opening 
indicated that if the electrical input is sufficient to 
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cause buckling, foils of 0.001-in. thickness are faster - 


acting than those of 0.0005 in. 

Increasing the width of the foil also results in faster 
opening of the shutter, as the function describing the 
distribution of the force over the width of the foil in- 
creases with width. For example, a 2 in. foil opens to 
0.8 in. in 32 psec, whereas a | in. foil opens in 43 psec. 
The maximum width is limited by the electrical energy 
available, and by the fact that as the width increases ihe 
rate of increase in the above function decreases. 

The results of an investigation of the effect of foil 
stiffness on speed of opening are not as clear-cut. 
When the action of a single 0.001-in. foil was compared 
with that of a double thickness of 0.0005-in. foil, the 
double-foil initially opened rapidly than the single foil, 
but slowed more rapidly near the completion of 
opening. 

Ideally, the speed of the shutter would increase with 
each increase in electrical energy input. However, 
the optimum energy input has two limitaticns: The foil 
must not be ignited, as the light emitted by combustion 
would expose the film; and excessive stresses, which 
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One version of the fast-acting photographic shutter con- 
sists of two aluminum foils mounted on opposite sides of 
a transparent plastic sheet, and connected to a capacitor 
discharge circuit. When the capacitor is discharged 
through the foils, magnetic forces compress each foil to- 
ward its mid-line, and repel each from the other. Usually 
the foils are blown from the mount. A high voltage pulse 
triggered by a thyratron circuit is used to break down the 
spark gap. 
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could shatter the foil, must not be created. The most 
favorable energy input for any given foil may be de- 
termined through trial-and-error. 


"For further details, see A fast-opening, large-aperture 
shutter for high-speed photography, by E. C. Cassidy and 
D. H. Tsai, J. Research NBC 67C€ (Eng. & Instr.) No. 1 
(Jan—Mar. 1963). 

* Rapid-closing electronically operated shutter, by H. E. 
a and F. I. Strabola, Rev. Sci. Instr. 27, 162 


Single-foil version of the fast acting photographic shutter 
before and after discharge of the capacitor. 
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NATIONA BUIRFAU DF STANDAIRS ALOCIROMC AUTOMATE COMPUTER 


NBS METALLURGISTS are utilizing automatic 
processing of photomicrographs by a digital computer 
to analyze the microstructure of metals and alloys. 
With this electronic computer technique, analyses are 
accomplished up to a thousand times more quickly than 
has been possible with conventional manual methods. 
The computer method was devised by G. A. Moore and 
L. L. Wyman of the metallurgy laboratory in collabo- 
ration with R. A. Kirsch, H. M. Joseph, and others of 
the data processing systems laboratory. 

Thus far the technique has been used to determine 
the amount and continuity of a niobium-tin alloy con- 
stituent called the “Nb;Sn phase,” which has outstand- 
ing superconducting properties,! and to measure the 
graphite particles in proposed standards for cast iron.? 
The rapid, accurate results obtained in these studies 
demonstrate the feasibility of employing computer pro- 
grams in micrographic analyses, and suggest the use of 
the technique in other areas, such as petrography, 
microbiology, astronomy, and photogrammetry. 


Metallurgical Properties 


The interest of metallurgists and materials engineers 
in picture analysis arises because a large discrepancy 
often exists between the atomic scale properties of ma- 
terials—as measured by solid state physics—and the 
real or useful properties—as measured in the engineer- 
ing laboratory. For example, the theoretical tensile 
strength of a metal, as predicted from atomic bond 
energies or similar data, frequently is hundreds of 
times greater than the practical value. 


Top of page: NBS metallurgist G. A. Moore, right, oper- 
ates computer as computer technologist H. M. Joseph in- 
spects cathode ray tube presentation of a metal photo- 
micrograph obained directly from the computer mem- 
ory. Original of photomicrograph is mounted on the 
small drum of a scanning device (behind Mr. Joseph) 


from which the micrograph is read directly into the 
computer. 
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Digital Computer Used 
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Quantitative | 


Top, photomicrograph of niobium-tin wire. 


Grey—Nb:;Sn phas: 


Nb:Sns phase (from color photo courtesy of Oak Ridge Nation| 
(a, b, c) were used in computer analysis to determine the amour 


The metallographer explains such discrepancies by 
considering the manner in which individual metallic 
crystals or “grains” are fitted into the overall structure, 
and the defects which naturally occur in such com- 
posite structures. By controlling mechanical working, 
heat treatment, and minor chemical constituents of 
the metal, the metallurgist is able to alter the size, 
shape, and arrangement of metallic grains to obtain 
desired combinations of engineering properties. 

In most cases, the metallographer determines the 
success or failure of his structure manipulation by 
microscopic examination, usually relying on qualita- 
tive judgment to recognize structures which have 
proved either good or bad in the past. In critical 
cases, the metallographer must make detailed measure- 
ments within an individual micrograph, such measure- 
ments sometimes requiring days or even weeks of re- 
petitive effort. In other cases, he may try to match the 
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dlack—voids; Light—Nb solid solution plus Nb:Sn; Whitish— 
aboratory). Color separation prints of the lower micrographs 


»f the different phases present in a niobium-tin alloy. 


micrograph under study to one from a group of pre- 
viously measured micrographs or drawings, which may 
have acquired the status of national or international 
reference standards. 


Machine-Processing of Pictorial Data 


The time consumption and tediousness of quantita- 
tive metallographic examinations have spurred research 
to develop automatic ways of accomplishing this work. 
Much emphasis has been placed on the need for com- 
puter systems that accept inputs of pictures, diagrams, 
and other graphical configurations, and for means of 
processing data in the form of pictorial material, 
rather than merely processing arithmetic information 
about a picture. 

By 1957 an automatic input scanner, SADIE (Scan- 
ning Analog-to-Digital Input Equipment), had been 
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built by L. Cahn of the measurements automation 
laboratory and incorporated in the Bureau’s SEAC 
(Standards Electronic Automatic Computer) system.* 
At the same time, fundamental image processing rou- 
tines and a cathode ray tube output system were de- 
veloped to give a direct visual representation of the 
picture in the computer memory. 

A necessary step in making image processing opera- 
tions useful to the average scientist or engineer came 
with the introduction of the “library” or “automatic 
compiler” system. In this system, a “master” or 
“supervisory” routine is combined with a number of 
subroutines which contain detailed instructions for per- 
forming specific operations on the pictures. The whole 
library of instructions is recorded on magnetic tape, 
which is permanently available to the computer when- 
ever needed. Thus the operator need only supply the 
picture and type in a few instruction words to indicate 
the operations selected. In contrast to the usually 
mysterious machine code, the instructions from the 
operator are essentially in the English language, al- 
though in a somewhat formalized and abbreviated ver- 
sion. After receiving a list of these instructions from 
the operator, the computer automatically looks up the 
detailed coded subroutine and proceeds to perform 
the work which has been programmed. 

The master system, STRIP-2 (Standard Taped 
Routines for Image Processing—2), presently in use 
at the Bureau, was composed by R. B. Thomas of the 
components and techniques laboratory and used on 
SEAC in 1959. In this system each of two pictures 
42 X 42 mm square is represented in the computer by 
168 lines of 168 points. Thus, the computer picture 
contains 28,224 image points, each represented by a 
binary digit or “bit” showing whether the point is 
“black” or “white.” This resolution, approximately 
equivalent to the usual grade of halftone magazine 
illustration, permits the relative black area to be de- 
termined with an accuracy of about 0.3 percent. 


Automatic input scanner, SADIE (Scanning Analog-to- 
Digital Input Equipment), incorporated in the SEAC 
(Standards Electronic Automatic Computer). This scan- 
ner was used to insert metal photomicrographs into the 
computer’s memory for automatic processing. 
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The latest version (STRIP—2C) of this system pro- 
vides a total of 28 different operations from which the 
operator can select those useful for a specific problem. 
Five of the commands provide for taking in pictures 
by scanning a print or reading a previously made mag- 
netic recording, for displaying the picture visually, for 
making a new magnetic recording, and for erasing a 
picture no longer wanted. Three commands move the 
pictures about within the computer memory, and three 
others make Boolean combinations of two pictures. 

A “CUSTER” operation creates outline drawings of 
solid areas. A “DUST” operation creates a random 
pattern of black and white points which may either be 
combined with an existing picture or used separately 
to explore how structures may be formed in nature. A 
flexible operation called “BITOP” permits replacing 
each point in a picture by any specified Boolean func- 
tion of the 9 points in the immediate local area. Some 
of the useful forms of BITOP will clean out dust, re- 
pair broken lines, or cause objects in the picture to 
grow or shrink on command. 


Programs for Processing Photomicrographs 


The present study made use of several new opera- 
tions recently added to the NBS computer library of 
image processing routines. One of these routines, of 
interest to the metallurgist, is a multiple slicing analysis 
of the picture area which determines the variability 
within the structure seen, and hence the accuracy with 
which the small sample represents the material from 
which it was taken. A lineal analysis classifies the 
distance which a point can move within the structure 
before colliding with a particle of a different material. 
Such a “mechanical mean free path” could represent 
the distance which an electron can move between de- 
flections at low temperature—as in a superconductor 
alloy—or the maximum travel of an individual glide 
dislocation during plastic deformation. 

A series of three operations serves to extract each 
individual coherent object in a picture and to obtain 
the measurable parameters of each. In the first step, 
the object’s geographical location, area, height, width 
diagonal length, and thickness are determined. An 
image of the individual object can be extracted for 
further study—either by additional computer process- 
ing or by visual examination of the display. In the 
second step, the perimeter of the object is measured 
and values determined for the serpentine or convoluted 
length and corresponding line thickness. An addi- 
tional parameter indicates the complexity of the ob- 
ject in a way which. is independent of its size, location, 
or orientation in the picture. In the third step, the 
computer recognizes and corrects for objects which 
have been cut by the border of the picture, as well as 
for objects whose unusual complexity indicates that 
they should be treated as two distinct objects stuck 
together. Eleven parameters of the corrected objects 
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‘are then compared with pre-established class limits and 


the objects are classified into histogram tables from 
which distribution diagrams may be constructed. 

A “PLOT” operation then absorbs the histogram 
data tables and constructs the appropriate diagrams on 
the face of the cathode ray tube. At the operator’s 
option, a paper tape is produced to operate off-line 
plotting equipment, which makes a copy of the diagram 
for permanent record. The PLOT operation functions 
on 14 different histogram tables resulting from the 
various analytical routines, and combines the data ob- 
tained from as many as 15 individual pictures of the 
same material. 


Metallurgical Applications 


The metallurgical value of these analyses is now 
being explored in investigations of alloys of titanium 
and of uranium and of the possible changes of carbide 
size in gage block steels. Measurements to character- 
ize dispersed particle nuclear fuel elements also are 
being explored. 

While the computer can at present consider only one 
kind of material, or “phase” at a time, the complicated 
niobium-tin system in which different phases are 
shown by distinctive colors was analyzed from color 
separation prints, each representing only a single 
phase (see footnote 1). Such a procedure may be of 
value in making these analytical programs useful for 
petrographic or biological problems, where more com- 
plex materials are commonly encountered. 

Certain inherent advantages of the SEAC logic and 
order system, together with the existence of directly 
connected picture input and output equipment, have 
cooperated to facilitate the development of an extensive 
library of picture processing abilities for this machine. 
However, the picture size which can be processed and 
the speed of operation are both limited; hence, work 
is in progress toward picture analysis on iarger and 
faster computers. The National Bureau of Standards 
PILOT Data Processor will be especially suitable for 
image processing, and it is anticipated that picture 
programs will be among the earliest routines developed 
for this facility. 


‘Quantitative metallography with a digital computer: 
Application to an Nb-Sn superconducting wire, by G. A. 
Moore and L. L. Wyman, J. Research NBS 67A (Phys. 
& Chem.) No. 2 (Mar—Apr. 1963); also, Intermediate 
phases in superconducting niobium-tin alloys, by L. L. 
Wyman, J. R. Cuthill, G..A. Moore, J. J. Park, and H. 
Yakowitz, J. Research NBS 66A (Phys. & Chem.) 351 
(July—Aug. 1962), and Constitution diagram for the nio- 
bium-tin system facilitates production of superconductor, 
NBS Tech. News Bull. 46, No. 12,178 (Dec. 1962). 

* Quantitative metallographic evaluation of graphitic 
microstructures, by L. L. Wyman and G. A. Moore, Mod- 
ern Castings (in press). 

* Experiments in processing pictorial information with 
a digital computer, R. A. Kirsch, L. Cahn, C. Ray, and 
G. H. Urban, Proc. Eastern Joint Computer Conf., p. 221 
(Dec. 1957). 
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1962 Meeting of the International Committee 
on Weights and Measures 


At the October 1962 meetings in Paris of the Inter- 
national Committee on Weights and Measures, and its 
specialist subcommittees, proposals were made which, 
when formally adopted, will result in improved or 
extended bases for the measurement of length and 
temperature. Included were twelve new secondary 
wavelength standards of length, and six proposals to 
modify the International Practical Temperature Scale. 


It was recognized nearly a century ago, in light of 
increasing industrialization and the expansion of for- 
eign trade, that some sort of international agreement 
was necessary in the area of physical measurements. 
After considerable preliminary work, both scientific 
and diplomatic, the Treaty of the Meter ' was signed in 
1875 by representatives of 28 nations (there are now 37 
member nations). This treaty provided international 
agreement on the bases for the metric system, and estab- 
lished the International Bureau of Weights and Meas- 
ures on the outskirts of Paris, France. The Interna- 
tional Bureau, funded by assessments of the member 
nations, conducts research in many areas of measure- 
ment, maintains physical prototype standards, and 
cooperates with the national standards laboratories in 
promoting measurement accuracy and agreement. 


Representatives of the nations adhering to the 
Treaty of the Meter normally meet in Paris every six 
years at what is called a General Conference on Weights 
and Measures. Official actions, such as the adoption 
of new or improved standards, are voted upon by the 
General Conference. Details of administration, and 
responsibility for recommending proposed actions to 
the General Conference, fall in the province of the exec- 
utive body or International Committee, composed of 
18 individuals, each from a different nation. (Dr. 
A. V. Astin, NBS Director, is the United States mem- 
ber on this Committee.) The International Commit- 
tee, which has advisory committees in six areas of 
measurement, meets annually. The actions of the 
advisory committees on length and temperature at the 
recent meeting are outlined below. 
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Secondary Wavelength Standards of Length 


The meter was officially defined by the 1960 General 
Conference? as equal to 1,650,763.73 wavelengths of 
the orange-red wavelength of krypton 86, making the 
wavelength of that line about 6057.8021...*10°'° m. 
This action abrogated the platinum-iridium meter bar 
as the standard of length, and resulted in a more accu- 
rate standard of widespread availability. At the 
October 1962 meeting the Consultative Committee for 
the Definition of the Meter recommended to the Inter- 
national Committee 12 secondary wavelength standards 
of length. These are: 


A. Wavelengths of krypton 86 
6,458.0720 x 10°77° 
6,422.8006 x 10-7" 
5,651.1286 X 10-"° 
4,503.6162 X 107*° 


sp Sie 


B. Wavelengths of mercury 198 
5, 792. 2683 X 10-?° m 
Sofi 1 L180 504" mM 
5, 462. 2705 X 107° m 
4, 359. 5624. x 10°7° m 


C. Wavelengths of cadmium 114 
6, 440. 2480 <x 107° m 
5, 08723719 X10 2m 
4, 801. 2521 X 10-7? m 
4, 679. 4581 X 10-7° m 


The values for krypton are within 2 10-*, those for 
mercury 5X10°8, and those for cadmium 710° of 
the true values, respectively. These figures represent 
a consensus of view of all the national laboratories, 
including the National Bureau of Standards. It should 
be noted that these values have not as yet been accepted 
as international secondary standards of length, but 
that such action is expected probably late in 1963. 

The Consultative Committee, recognizing that 
further work remains to be accomplished in the meas- 
urement of length, is encouraging the development of 
secondary standards in the ultraviolet and infrared 
regions, and study of the use of masers, Zeeman filters, 
atomic beams, and interference filters in the measure- 
ment of length. 
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Proposed Changes in the International 
Practical Temperature Scale 


The International Practical Temperature Scale 
(IPTS),° established in 1927, is defined in terms of a 
series of fixed points and of interpolation formulas for 
the instruments used to realize the scale. Advances in 
the science of temperature measurement have made it 
possible to consider changes to make the IPTS agree 
more nearly with the thermodynamic temperature scale, 
and to cover a more extended range of temperatures. 

The Advisory Committee on Thermometry of the 
International Committee has made six tentative pro- 
posals for presentation at the 1966 General Conference 
of Weights and Measures. These tentative proposals, 
which would both extend the scale and improve its 
accuracy, are: 

1. Incorporate the 7,3 (Het) and 7,,. (He*) scales 
into the International Practical Temperature Scale 
(IPTS). At present, the IPTS is undefined below the 
oxygen point (90.18 °K), and the inclusion of these 
two scales will provide a basis on the IPTS for measure- 
ments in the range 0.25 to 5 °K. The T;, (He*) scale 
has been recognized by the International Committee on 
Weights and Measures since 1958 but it has not been 
incorporated in the IPTS. The He*® vapor-pressure 
scale, developed by the Los Alamos Scientific Labora- 
tory, was this year recommended by the International 
Committee of Weights and Measures for interim use 
with the designation T,. (He?). 

2. Define for the practical scale the equilibrium boil- 
ing point of hydrogen to be about 20.267 °K and the 
boiling point of oxygen to be about 90.17 °K. The 
current value for the boiling point of oxygen is 
90.18 °K. No value for the boiling point of hydrogen 
is given on the IPTS at present. The term about is 
included in the wording of these proposals to indicate 
that new results or reevaluation of existing data may 
change these values between now and 1966. 

3. Incorporate a platinum resistance thermometer 
scale in the region between the hydrogen and oxygen 
points. This step would extend the scale from its 
present limit of the oxygen point. Platinum resistance 
thermometers have been used for some time in this 
region, and there appears to be sufficient data on which 
to base this extension. However, work on the proper 
interpolation method, including the choice of the re- 
sistance-temperature relation, is needed in order to 
make this extension practical. 

4, Eliminate the sulfur (444.6 °C) and replace it 
with the zinc point (at present 419.505 °C, but see pro- 
posal 5 below). This action is recommended because 
the zinc point is more reproducible than the sulfur 
point. 

9. Change the values of the zinc (419.505 °C), silver 
(960.8 °C), and the gold (1063 °C) points on the 
IPTS: by about +0.07, +1.1, and +1.5 degrees, 


respectively. 
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6. Replace the standard thermocouple on the scale 
with the platinum resistance thermometer (prt). The 
scale is presently defined in terms of the thermocouple 
from the gold point down to 630.5 °C, and by the 
platinum resistance thermometer from the oxygen 
point to 630.5 °C. As the prt is more precise than 
the thermocouple, this action will yield more accurate 
determinations of temperature, and will result (along 
with proposal 3) in the definition of the scale from the 
hydrogen point to the gold point with platinum resist- 
ance thermometers. 

NBS has contributed strongly in the past to the foun- 
dations of the IPTS, and is currently working on 
two major projects which may affect these tentative 
proposals before submission in 1966. One concerns 
the gap that would exist in the scale between about 
> °K and the hydrogen point even if provisions 1 and 
3 are adopted. The Bureau is developing the ultra- 
sonic thermometer as an absolute device to provide a 
scale in this region. Preliminary results with this 
thermometer, which is based upon the determination 
of the speed of sound in helium gas, indicate a preci- 
sion of +0.007 degrees at 20 °K and +0.002 at 
2 °K.‘ Also, a major program under way in gas 
thermometry may result in more accurate values for 
certain defining points on the scale before the 1966 
meeting. 


New Prefixes 


The International Committee also adopted two new 
prefixes for denoting submultiples of units. They are: 
femto, 10°1°, symbol “f;” and atto, 10-'S, symbol “a.” 
The Bureau will follow this action of the Committee, 
which brings the list of numerical prefixes to a total 


of 14. The full list is: 


Multiples and 


Submultiples Prefizes Symbols Pronunciations 


10” tera T ter a 
10° giga G ji ga** 
10° mega M még’ a 
10° kilo k kil’ 4 
10? hecto h hék’ té 
10 deka* da dék’ a 
1032 deci d dés’ i 
KO centi C sén’ ti 
Ome milli m mil’ i 

1 Ose micro m mi’ kré 
Le nano n nan” 672 
1 Oe2 pico p De -cO 
One femto f fém’ td 
iL Oees atto a at’ td 


*The official French spelling for the prefix representing the 
multiple ten is deca. This prefix has long been spelled deka in 
the United States, Great Britain, Germany, and a few other 
countries. The continued use of this spelling is consistent with 
our use of gram for the French gramme and meter for metre. 
The symbol, however, should be universal and even though dk 
has long been used in the United States for the symbol for deka, 
NBS will from now on adhere to the official international symbol 
da for the prefix representing the multiple ten and recommends 
that this practice be followed throughout the United States. 

**These pronunciations differ from those previously given, 
and are the result of international discussions to promote uni- 
formity of pronunciation in various languages. 
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Administrative 


The International Committee on Weights and Meas- 
ures met this year for the first time with the new Di- 
rector of the International Bureau of Weights and 
Measures, Dr. Jean Terrien. Dr. Terrien is a dis- 
tinguished French metrologist who had been at the 
International Bureau for several years. The Com- 
mittee reluctantly accepted the resignation of its Secre- 
tary, Professor G. Cassinis, Rector of the Polytechni- 
cal School of Milan, who had recently become the 
Mayor of Milan and therefore felt compelled to relin- 
quish International Committee responsibilities. Pro- 
fessor J. de Boer, Director of the Theoretical Institute 
of the University of Amsterdam, was elected the new 
Secretary. Other officers, elected in 1960, are Chair- 
man, Professor Richard Vieweg, recently retired as 
President of the Physikalisch-Technische Bundesan- 
stalt, Germany; and Vice Chairman, Dr. L. E. Hewlett, 
Director of the Applied Physics Division of the Na- 
tional Research Council, Canada. 

One of the most important actions of the 1962 meet- 
ing was the completion of negotiations with the French 
Government for land to house a new laboratory for 
the recently activated program on standards for meas- 
urging ionizing radiations. Plans for the laboratory 
were reviewed and approved and construction is ex- 
pected to begin early in 1963. The new laboratory will 
be on land until recently part of the Parc de St. Cloud 
immediately adjacent to the present building of the 
International Bureau of Weights and Measures. 


Microwave Noise Calibration Service 


A limited service now is provided by the Microwave 
Calibration Services Section of the Boulder Labora- 
tories for the calibration of microwave noise sources. 
These sources usually consist of a gas-discharge tube 
permanently mounted in a waveguide section that is 
terminated with a suitably matched load. The tube is 
energized from a controlled d-c power source. Such 
a device serves as an interlaboratory standard and is 
used to determine the level of noise in microwave 
circuitry. Working standards are used as references 
for measurement of noise figure, effective temperature, 
and gain in microwave receivers, as well as determining 
the performance of radar systems. 

At present, the service is limited to three fre- 
quencies—9.0, 9.8, and 11.2 Gc/s in the waveguide 
size covering the frequency range of 8.2 to 12.4 Gc/s 


(X-band). The service will be expanded later to cover 
all frequencies that may be requested throughout this 
range. Noise sources with an excess noise ratio in the 
range of 15.4 to 15.8 decibels can be calibrated with 
an accuracy of 0.1 decibel; it is planned to extend this 
range considerably in the near future. For more in- 
formation on these services see the following article. 


Waveguide Power Calibration Service 


A limited power calibration service in WR62 wave- 
guide (12.4 to 18.0 Gc/s) is available from the Bu- 
reau’s Boulder, Colo., Laboratories. This service con- 
sists of the measurement of the effective efficiency of 
a bolometer unit at selected frequencies. The effec- 
tive efficiency is defined as the ratio of the substituted 
d-c power in the bolometer unit to the microwave 
power dissipated within the unit. In reporting cali- 
bration results, the effective efficiency will be given to 
an accuracy of within 1.5 percent. Calibrations usually 
will be made at a nominal power level of 10 mw in the 
bolometer unit. Suggested calibration frequencies are 
13.5, 15.0, and 17.0 Gc/s; power calibrations at any 
requested frequencies will be available later. 

Bolometer units to be calibrated should be of the 
fixed-tuned or untuned, broadband type. They should 
have good design features including high conductivity 
of RF surfaces. The bolometer unit must be fitted with 
a waveguide flange compatible with the UG-419/U 
cover flange. Good low-resistance contacts should be 
provided for the bias-current connections to the bolom- 
eter element. The bolometer element should exhibit 
stable characteristics with constant bias current. The 
bolometer element may be of the barretier or ther- 
mistor type and should have a nominal d-c resistance 
of either 100 or 200 ohms when subjected to a bias 
current not exceeding 15 ma. 


‘The genesis of the metric system and the work of the 
International Bureau of Weights and Measures, by Henri 
Moreau, J. Chem. Ed. 30, 3 (Jan. 1953). 

*Wavelereth of Kr light becomes new international 
standard of length, NBS Tech. News Bull. 44, 199 (Dec. 
1960). 

*International Practical Temperature Scale of 1948: 
Text revision of 1960, H. F. Stimson, NBS Monograph 
37, for sale by Superintendent of Documents, United 
States Government Printing Office, Washington 25, D.C. 
Price 10¢. 

4 Ultrasonic thermometer for low-temperature determi- 


nations, VBS Tech. Bull. 47, 4 (Jan. 1963) . 


Calibration of Microwave Noise Sources 


THE NBS Radio Standards Laboratory, Boulder, 
Colo., has recently initiated a service for the calibra- 
tion of waveguide noise sources in the microwave 
frequency region. This service presently is offered in 
WR90 waveguide at three selected frequencies—9.0, 
9.8, and 11.2 Ge/s. Calibration of interlaboratory 
standards is made by comparison with selected gas-, 
discharge noise sources used as national working 
standards; these working standards are calibrated 
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periodically against the National Standard Microwave 
Noise Source* recently developed in the Radio Stand- 
ards Laboratory. This calibration service, performed 
for standards laboratories, industrial firms, and vari- 
ous research groups, will play an important role in 


*This particular standard is also used operationally as the 
national reference standard in WR90 waveguide (8.2 to 124 
Gc/s). 
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providing more accurate microwave noise measure- 
ments throughout the country. 


Noise Calibration System 


The microwave noise calibration system consists of 
a Dicke-type radiometer modified to make use of three 
noise sources instead of the usual two. The principal 
modification consists of connecting a reference noise 
source to one arm of the radiometer and using the 
other arm to compare the unknown and standard noise 
sources, thus avoiding the requirements for determin. 
ing the difference in the insertion loss of the two arms 
of the radiometer. The reference arm contains a level- 
set attenuator, and the comparison arm contains a cali- 
brated precision attenuator which is used to measure 
the difference in noise power output between the un- 
known and the standard noise source by means of a 
null detecting system. 

Modulation of the noise signals from the two arms 
is accomplished by two motor-driven, rotary-vane atten- 


» the 30 cs amplifier is rectified to obtain a d-c com- 


ponent which is applied to a recorder. 

The procedure involved in making a noise measure- 
ment is to set the precision attenuator to a convenient 
index mark and to connect the unknown noise source 
to the comparison arm of the radiometer. The null 
detector is adjusted to zero with the level-set attenua- 
tor in the reference arm of the radiometer. The stand- 
ard noise source is then connected to the radiometer, 
and the precision attenuator in the comparison arm 
of the radiometer is adjusted to achieve a null. The 
different, in decibels, between the two settings of the 
precision attenuator is used to calculate the effective 
noise temperature, 7',,, of the unknown noise source 
from the balance equation of the system, 


Tee 
1 Dead lis, 
where 7’, is the temperature of the standard, modified 


by the waveguide losses, and by the impedance match 
of the output of the standard and the input to the 


Aa= 10 logio 


Radiometer used to compare two microwave noise sources. 


A working 


standard, consisting of a special gas-discharge tube housed in a waveguide, 
is compared with the NBS reference standard; or an interlaboratory stand- 


ard with a working standard (extreme right front). Signals from the 
sources being compared are modulated by motor-driven rotary vane attenu- 
ators (front left) and the resulting signal beat against a local oscillator. 
A superheterodyne synchronous receiver gives a null reading on the os- 
cilloscope being observed by Eugene Campbell, and indicates a balance 


between two noise sources. 
tinuous reading of this balance. 


uators. These attenuators have been modified for con- 
tinuous rotation, and the attenuator vanes have been 
positioned relative to each other so that one attenua- 
tor provides maximum attenuation when the other is 
at minimum. The attenuators are belt-coupled to a 
synchronous motor and rotated at 15 c/s. This pro- 
duces a 30 c/s modulation component which is ampli- 
fied in the detection circuit. The superheterodyne 
principle is employed in the null detector of the radi- 
ometer, a balanced mixer being used. The output 
(30 Mc/s) from the balanced mixer is amplified and 
demodulated to obtain the 30 c/s modulation compo- 
nent, and this is further amplified in a high-gain 
narrow-band circuit of special design. The output of 
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A recorder (middle foreground) gives a con- 


radiometer, and 7, is the temperature of the precision 
attenuator. The effective noise temperature of the 
waveguide-mounted noise source (tube) is related to 
the reflection coefficient, [, at the output terminals of 
the unit by 

Toe (ae ey Te 


where 7 is the noise temperature of the noise source 
in degrees Kelvin. The reflection coefficient of the 
radiometer input terminal is adjusted to be near zero. 
The excess noise ratio, ENR, is then given by 
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ENR= 10 logo 500 
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National Standard 


The National Standard for microwave noise is based 
upon Nyquist’s Theorem’ and consists of a high- 
temperature waveguide and a suitably matched resis- 
tive termination. The waveguide section is fabricated 
from high-purity gold, and the resistive termination 
consists of a block of silicon carbide suitably shaped 
to provide a nominal impedance match to the wave- 
guide. One end of the waveguide section is enclosed 
in a water jacket to prevent the conduction of heat to 
the rest of the system. The waveguide with its load 
is enclosed in a length of graphite, cylindrical in shape, 
which serves to distribute the heat in a uniform man- 
ner. The silicon carbide load has channels for thermo- 
couples which are used to determine the temperature 
gradient along its length. The graphite heat distribu- 
tor is coated with a ceramic material to prevent 
oxidation. The temperature distribution along the 
waveguide is obtained with the use of a thermocouple. 
A knowledge of this distribution is necessary to calcu- 
late the attenuation losses, and hence to determine the 
temperature of the standard. 

The standard noise source is brought to a high tem- 
perature by placing it in a temperature-controlled oven 
which is capable of producing temperatures up to 
1200 °C. The heater elements of the oven consist of 
three windings of nichrome wire on a ceramic (alumi- 
num oxide) core. Current through the center heater 
element is controlled by a feed-back loop consisting of 
a thermocouple, an amplifier, and a saturable reactor. 
This control system restricts the temperature fluctua- 
tions of the termination to less than 0.5 °C; a sepa- 
rate thermocouple is used to monitor the temperature, 
which is displayed on a calibrated chart. 


National Working Standard 


The gas-discharge noise source was selected to serve 
as a working standard in performing regular noise 
calibrations. It has good properties for such an appli- 
cation and its use greatly reduces the time and effort 
required to perform a calibration. 

The national working standard consists of an argon 
gas-discharge noise tube located in a suitable mount 
having a fixed termination. A gas-discharge noise 
source is comparatively small, light, and easy and con- 
venient to handle; it has a relatively high equivalent 
temperature and appears to be relatively stable. Such 
a noise source produces a relatively uniform output 
over a broad band of frequencies and the noise output 
power has only a small dependence upon tube current.® 
Both the heated cathode and cold cathode types of argon 
gas-discharge noise sources are utilized. These are 
operated at a current of approximately 200 ma. 


Interlaboratory Standards 


In general, the interlaboratory standards to be cali- 
brated will be of a type similar to the working standard. 
Some of the conditions that must be met in order to 
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accept a microwave noise source for calibration are as 
follows: It has been determined that the noise source 
(usually a gas-discharge tube) must be securely and 
permanently mounted in a suitable waveguide struc- 
ture. This waveguide noise tube mount must be fitted 
at one end with a waveguide flange compatible with the 
UG-39/U cover flange and terminated at the other end 
with a suitably matched load. The noise tube and 
matched load will be sealed to the waveguide mount, 
and these seals must remain unbroken for the calibra- 
tion to be valid. The waveguide port of the noise 
source unit must exhibit a reflection coefficient no 
greater than 0.27 (VSWR=1.7). For normal opera- 
tion of the gas-discharge tube the direct current re- 
quired should be less than 300 milliamperes, and 
should be large enough to avoid excessive plasma os- 
cillations. The type of gas-discharge tube contained 
in the mount should be indicated, and the conditions 
of starting and operating current should be given. 


Available Calibration Service 


Microwave noise calibrations presently are per- 
formed at three selected frequencies (9.0, 9.8, and 
11.2 Gc/s) in the range 8.2 to 12.4 Gce/s (WR90 wave- 
guide). With some additional developments, noise 
calibrations can probably be offered at any requested 
frequency in this waveguide band. At the present time, 
noise calibrations can be performed covering a range 
of excess noise ratio of 15.4 to 15.8 db with an accuracy 
of 0.1 db. In the near future, this range will be ap- 
proximately 14 to 18.5 db, which should include most 
of the commercial noise sources presently available. 


Calibration Accuracy 


The accuracy to which the noise power output of 
the reference standard is known depends upon the un- 


The microwave noise national reference standard shown 
here consists of a wedge-shaped silicon carbide resistive 
termination housed in a gold waveguide. The waveguide 


is placed in the zirconia-coated graphite heat distributor 
and the assembly heated to about 1000 °C. The wave- 
guide flange is maintained at room temperature by a 
watercooled jacket. 
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certainty of the temperature of the*resistive load and 
the attenuation of the gold waveguide at high tempera- 
tures. The accuracy of the measurement performed 
with the radiometer described above depends upon the 
following factors: (1) The uncertainty of the cali- 
brated variable attenuator in the comparison arm of 
the radiometer including its mismatch, resolution, and 
resettability; (2) the impedance match of the input of 
the radiometer and the output of the interlaboratory 
standard noise source; (3) the ability of the observer 
to adjust the null detection system to an exact balance 
and (4) the sensitivity of the system. These accuracy 
factors are considered in detail in a recently completed 
error analysis of the noise measurement system and a 
standard noise source. Calibrations performed with 
this standard noise source and radiometer will report 


‘ Absolute measurement of temperature of microwave 
noise sources, by A. J. Estin, C. L. Trembath, J. S. Wells, 
W.C. Daywitt, Trans. IRE 1-9, 209 (1960). 

°' Thermal agitation of electric charge in conductor, 
by H. Nyquist, Phys. Rev. 32, 110 (1928). 

* A broadband microwave noise source, by VW. VW. Mum- 


ford, Bell System Tech. Jour. 28, 608 (1949). 


the effective noise temperature to an accuracy of 


+ 250 °C for noise sources in the vicinity of 10,500 °K, 
and the excess noise ratio will be reported to an ac- 
curacy of 0.1 db. 


Research and Development 


A standard noise source which has received con- 
siderable attention in addition to the one described 
above consists of a zinc titanate resistive load in a sec- 
tion of platinum-rhodium alloy waveguide. The power 
output from the platinum noise standard will be com- 
pared with the power output from the gold noise stand- 
ard with each operating at a selected temperature. 
Platinum has the advantage of being operable at higher 
temperatures and will afford a means of determining 
agreement among measurements made at different tem- 
peratures. Both standards will be used to obtain a 
best value for the excess noise ratio of gas-discharge 
noise sources. Also, the argon gas-discharge noise 
sources used as working standards will be compared 
with the National Standard periodically to establish the 
stability of gas-discharge noise sources over extended 
periods of time. 


Test Mixture Developed for Evaluating 
Highly Efficient Fractionating Columns 


A test mixture for evaluating highly efficient frac- 
tionating columns—that is, columns or stills capable of 
effectively separating mixtures having a boiling point 
difference of less than 1 °C—has been developed at the 
Bureau.t’ Edwin C. Kuehner of the pure substances 
laboratory formulated this mixture in one phase of a 
program to improve the production of high purity sub- 
stances by distillation. Consisting of two isomers of 
heptane, the mixture fills the need for a binary test ma- 
terial having a low relative volatility. 

Highly efficient fractionating columns, classed as 
having efficiencies greater than 200 theoretical plates 
(approximately equivalent to 200 simple distillations) 
are now commercially available. However, a test mix- 
ture of known composition and specific physical char- 
acteristics is required for evaluating these stills. Such 
a mixture would be limited to materials forming ideal 
solutions and to those which may be identified easily 
by a particular physical quantity such as refractive 
index. Preliminary work showed that 2,3-dimethyl- 
pentane and 2-methylhexane had a boiling point dif- 
ference of 0.268 °C, and a refractive index difference 
of 0.00711. Experiments were therefore under taken 
to determine the suitability of these compounds for 
evaluating highly efficient fractionating columns. 

The two compounds were obtained for the experi- 
ments from commercial sources, purified by multiple 
distillation techniques, and analyzed for purity with a 
gas chromatograph. Two different types of vacuum 
jacketed stills were then calibrated with 2,2,4-tri- 
methylpentane—n-heptane, an excellent test mixture 
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commonly used for evaluating fractionating columns of 
medium efficiency. Finally, the proposed test mixture 
was distilled in these calibrated columns. Samples 
were periodically taken from the distillate coming off 
the top of the column and from the condensed materials 
returning to the distilling pot. These materials were 
subsequently analyzed in a precalibrated differential 
refractometer. 

Data from the analysis indicating the low relative 
volatility of the mixture were in good agreement with 
theoretical determinations calculated from vapor pres- 
sure constants. Experimental results showed that the 
2,3-dimethylpentane—2-methylhexane test mixture pro- 
vided a rapid, accurate means for evaluating frac- 
tionating columns having efficiencies of 200 to 500 
theoretical plates. 

In studies to evaluate a fractionating column of un- 
known efficiency, pressure and temperature variables 
are closely controlled. The test mixture is distilled in 
the column, and samples for analysis are taken from 
the distillate and from the material returning to the 
distilling pot. Differential refractometer analytical 
methods are then employed to determine the degree of 
separation of the binary test mixture; from this data 
the efficiency of the still is calculated. 


* For further technical details see 2,3-dimethylpentane 
and 2-methylhexane as a test mixture for evaluating highly 
efficient fractionating columns, by E. C. Kuehner, J. Re- 
search NBS 67A (Phys. & Chem.) No. 1 (Jan—Feb. 
1963). 
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Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 47, No. 1, January 1963. 15 
cents. Annual subscription: $1.50; 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

CRPL lonospheric Predictions for April 1963. Three months 
in advance. No. 1, issued January 1963. 15 cents. Annual 
subscription: $1.50; 50 cents additional for foreign mailing. 
Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 
Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Section D. Radio Propagation. Issued six times a year. An- 
nual subscription: Domestic, $4; foreign, $4.75. 


Current Issues of the Journal of Research 


Section A. Physics and Chemistry, Vol. 67A, No. 1, Jan—Feb. 
1963. 

Heat of formation of calcium aluminate monosulfate at 25 °C. 
H. A. Berman and E. S. Newman. 

2,3-Dimethylpentane and 2-methylhexane as a test mixture 
for evaluating highly efficient fractionating columns. E. C. 
Kuehner. 

Phase equilibrium relations in the Sc20;-Ga.Os system. S., J. 
Schneider and J. L. Waring. 

Analysis of two infrared bands of CH2D2. W. B. Olson, H. C. 
Allen, Jr., and E. K. Plyler. 

Precise coulometric titrations of halides. G. Marinenko and 
J. K. Taylor. 

Radial distribution study of vitreous barium borosilicate. 
G. J. Piermarini and S. Block. 

Dynamic compressibility of poly(vinyl acetate) and its rela- 
tion to free volume. J. E. McKinney and H. V. Belcher. 

An investigation of the constitution of the mercury-tin system. 
D. F. Taylor and C. L. Burns. 

Effect of methyl bromide additions on the flame speed of 
methane. C. Halpern. 

Section D. Radio Propagation, Vol. 67D, No. 1, Jan.—Feb. 1963. 
A lunar theory reasserted—a rebuttal. J. V. Evans. 
Point-to-point communication on the moon. L. E. Vogler. 
HF communication during ionospheric storms. G. E. Hill. 
Use of surface refractivity in the empirical prediction of total 

atmospheric refraction. W. R. Iliff and J. M. Holt. 

Effective sunspot numbers. W. B. Chadwick. 

On the theory of radio wave propagation over inhomogeneous 
earth. K. Furutsu. 

Fields of electric dipoles in sea water (a correction). 
W. Anderson. 

Composition of reflection and transmission formulae. J. 
Heading. 

Titheridge coefficients for the polynomial method of deducing 
electron density profiles from ionograms. A. R. Long and 
J. O. Thomas. 

Input admittance of linear antennas driven from a coaxial 


line. T.T. Wu. 
Nonperiodicals 


Handbook for CRPL Ionospheric Predictions Based on Numeri- 
cal Methods of Mapping, S. M. Ostrow, NBS Handb. 90 (Dec. 
21, 1962) 40 cents (Supersedes Circ. 465). 


1962 Research Highlights of the National Bureau of Standards, 
Annual Report, NBS Misc. Publ. 246 (Dec. 1962) 70 cents. 


A tabulation of the thermodynamic properties of normal hydro- 
gen from low temperature to 300° K and from 1 to 100 
atmospheres, J. W. Dean, NBS Tech. Note 120 (Nov. 1961) 
45 cents. 
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Coordinated color identifications for industry, K. L. Kelly, NBS 
Tech. Note 152 (Nov. 1962) 15 cents. 


Thermal balance in the F region of the atmosphere, D.C. Hunt, 
NBS Tech. Note 162 (Sept. 1962) 50 cents. 


Publications in Other Journals 


Excitation of modes at very low frequency in the earth- 
ionosphere wave guide, J. R. Wait, J. Geophys. Res. 67, 
No. 10, 3823-3828 (Sept. 1962). 

The growth and roots of electronic computers, J. L. Little, 
Student Quart. and EE Digest, Joint Publ. of Am. Inst. Elec. 
Engr. and IRE 1, No. 1, 64-70 (Sept. 1962). 

Acoustical interferometer employed as an instrument for meas- 
uring low absolute temperatures, G. Cataland and H. H. 
Plumb, J Acoust. Soc. Am. 34, No. 8, 1145-1146 (Aug. 
1962). 

Chromium plating by thermal decomposition of dicumene chro- 
mium, W. H. Metzger, Jr., Plating 49, No. 11, 1176 (Nov. 
1962). 

Oxidation of high polymers, M. Tryon and L. A. Wall, Book, 
Autoxidation and Antioxidents II, Ch. 19, p. 919 (Inter- 
science Publ. Inc., New York, N.Y., 1962). 

New wavemeter for millimeter wavelengths, R. W. Zimmerer, 
Rev. Sci. Instr. 33, No. 8, 858-859 (Aug. 1962). 

Vibrational-rotational spectroscopy, H. C. Allen, Jr. and W. B. 
Olson, Ann. Rev. Phys. Chem. 13, 221-240 (1962). 

The use of a Venturi tube as a quality meter, R. V. Smith, P. 
C. Wergin, J. F. Ferguson, and R. B. Jacobs, J. Basic Eng. 
84, 411-412 (Sept. 1962). 

Dislocation loops in deformed copper, A. W. Ruff, Jr., Fifth 
Intern. Congress for electron microscopy, p. J-10 (Academic 
Press, Inc., New York, N.Y., 1962). 

Realistic diatomic potential function, H. W. Woolley, J. Chem. 
Phys. 37, No. 6, 1307-1316 (Sept. 1962). 

Applications of resistance thermometers to calorimetry, G. T. 
Furukawa, Book, Temperature, Its Measurement and Control 
in Science and Industry III, Pt. 2, 317-328 (1962). 

Absorption spectrum of carbon vapor in solid argon at 4° and 
20° K, R. L. Barger and H. P. Broida, J. Chem. Phys. 37, 
No. 5, 1152-1153 (Sept. 1, 1962). 

Rotation-vibation spectrum of matrix-isolated hydrogen chlo- 
ride, L. J. Schoen and D. E. Mann, J. Chem. Phys. 37, No. 
5, 1146-1147 (Sept. 1, 1962). 

Very-low-frequency phase observations on the ionospheric effects 
of the solar flare of September 28, 1961, A. G. Jean and J. H. 
Crary, J. Geophys. Res. 67, No. 12, 4903-4905 (Nov. 1962). 

The radiant energy from sources in the far infrared, E. K. Plyler, 
D. Yates, and H. A. Gebbie, J. Opt. Soc. Am. 52, No. 8, 
859-861 (Aug. 1962). 

Obtaining the internal junction characteristics of a transistor 
for use in analog simulation, S. B. Geller, [RE Trans. Electron. 
Computers EC—11, No. 5, 709-710 (Oct. 1962). 

Graphical evaluation of analytical results, W. J. Youden, Proc. 
Conf. Chemical Control Problems, pp. 1-15 (Spon. Natl. 
Plant Food Inst., Washington, D.C., 1959). 

The measurement of ionospheric drifts by means of a Doppler 
technique, K. Davies, J. Geophys. Res. 67, No. 12, 4909-4913 
(Nov. 1962). 

Laboratory astrophysics, L. M. Branscomb and R. N. Thomas, 
Phys. Today 15, 42-44, 46 (Noy. 1962). 

Standards—They key to success in engineering, A. T. McPher- 
son, Rey. Centro Estud. Ing. 130, No. 656, 352-355 (1961). 
The thermodynamic scale of temperature below 1° K, R. P. Hud- 
son, Book, Temperature, Its Measurement and Control in Sci- 
ence and Industry 3, Pt. I, 51X57 (Reinhold Publ. Co., New 

York, N.Y., 1962). 

Precision phase meter, D. M. Waters, D. Smith, and M. C. 

Thompson, Jr., IRE Trans. Instr. I-II, 64-66 (Sept. 1962). 
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Nuclear photoeffect in deformed nuclei, E. Hayward, Rendiconti 
Della Scuola Intern. Fisica “Enrico Fermi” XV, 214-222 
(Academic Press Inc., New York, N.Y., 1962). 


The effect of temperature and humidity on the oxidation of air- 
blown asphalts, P. G. Campbell, J. R. Wright, and P. B. Bow- 
man, Mater. Res. Std. 2, No. 12, 988-995 (Dec. 1962). 


Standards for the future, R. D. Huntoon, Proc. Annual Spring 
Conf. Standards Engineers Society, Boston Section and Com- 
pany Member Conf. of American Standards Association, May 
24-25, 1962 (Boston, Mass., 1962). 


Intramolecular rearrangements in the solid phase photolysis of 
4-methyl-2-hexanone and sec-butyl acetate, R. E. Rebbert and 
P. Auslocs, J. Chem. Phys. 37, No. 5, 1158-1159 (Sept. 1, 
1962). 


The vapor phase fluorescence and its relationship to the pho- 
tolysis of propionaldehyde and the butyraldehydes, R. P. Bor- 
kowski and P. Ausloos, J. Am. Chem. Soc. 84, No. 21 4044— 
4048 (Nov. 5, 1962). 


Relaxation of nonequilibrium distributions, K. E. Shuler, Book, 
Temperature, Its Measurement and Control in Science and In- 
dustry III, Pt. I, 27-34 (Reinhold Publ. Co., New York, N.Y., 
1962). 


Crosslinking of polymers induced by excited species, L. A. Wall 
and R. B. Ingalls, J. Polymer Sci. (Letter to Editor) 62, No. 
173, S5-S6 (1962). 


Standard electromotive force of the cell H2; HBr(m); AgBr; Ag 
from 0 to 50°, H. B. Hetzer, R. A. Robinson, and R. G. Bates, 
J. Phys. Chem. 66, No. 8, 1423-1426 (1962). 


Vacuum ultraviolet photochemistry. IV. Photolysis of propane, 
H. Okabe and J. R. McNesby, J. Chem. Phys. 37, No. 6, 
1340-1346 (Sept. 1962). 


The thermodynamic temperature scale, Its definition and reali- 
zation, C. M. Herzfeld, Book, Temperature, Its Measurement 
and Control in Science and Industry III, Pt. I, 41-50 (Rein- 
hold Publ. Co., New York, N.Y., 1962). 

Interpretation of rate experiments with resolved quantum levels, 
T. Carrington, Discussions Faraday Soc., No. 33, 44-51 (1962). 

Hyperfine structure and intercombination line intensities in the 
spectra of magnesium, zinc, cadmium, and mercury, R. H. 


Garstang, J. Opt. Soc. Am. 52, No. 8, 845-851 (Aug. 1962). 


Conformation and frictional properties of polystyrene in dilute 
solutions, D. McIntyre, A. Wims, L. C. Williams, and L. 
Mandelkern, J. Phys. Chem. 66, 1932-1940 (Oct. 1962). 
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Use of a “peek-a-boo” information retrieval technique for a per- 
sonal reference file, J. A. Bennett, J. Wash. Acad. Sci. 52, 
No. 9, 216-219 (Dec. 1962). 


Photographic strain measuring technique for use above 3,000 F, 
L. Mordfin and T. Rubusto, Jr., Proc. Instr. Soc. Am. 17, Pt. 
1, 3.462-1 (1962). 

Complex formation of monomeric amides with lithium perchlo- 
rate, A. F. Diorio, E. Lippincott, and L. Mandelkern, Nature 
194, No. 4848, 1296-1297 (Sept. 1962). 

Absorption bands of carbon dioxide from 2.8 to 4.2 uw, E. K. 
Plyler, E.D. Tidwell, and W. S. Benedict, J. Opt. Soc. Am. 52, 
No. 9, 1017-1022 (Sept. 1962). 


The speed of processes involved in electroplating; movement of 
solute, attainment of the steady state and formation of metal, 
A. Brenner, 49th Annual Tech. Proc. Am. Electroplaters Soc., 
p. 9-13 (1962). 

Synthesis of higher ketoses by aldol reactions. I. Three p-heptu- 
loses, R. Schaffer and H. S. Isbell, Org. Chem. 27, 3268-3270 
(Mar. 1962). 


Publications for which a price is indicated may be obtained 
from the Superintendent of Documents, U.S. Government Print- 
ing Office, Washington 25, D.C. (foreign postage one-fourth ad- 
ditional). Reprints from outside journals and the NBS Journal 
of Research may often be obtained from the authors. 


Patents 


The following U.S. Patents have recently been granted on 
NBS inventions and, except as noted, are assigned to the United 
States of America as represented by the Secretary of Com- 
merce: 


3,060,065 October 23, 1962. Method for the growth of 
preferentially oriented single crystals of metals. Theodore 
H. Orem. 

3,062,730 November 6, 1962. Method of Making Ozone. 
Robert A. Ruehrwein (Army). 

3,066,112 November 27, 1962. Dental filling material 
comprising vinyl silane treated fused silica and a binder 
consisting of the reaction product of bis phenol and glycidyl 
acrylate. Rafael L. Bowen. 

3,069,592 December 18, 1962. Electrostatic filter lens or 
Mirror. Ladislaus L. Marton and John A. Simpson. 

3,069,113 December 18, 1962, Antenna system for an 
ordnance missile. Robert D. Huntoon (Navy). 
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